The objective of this study was to evaluate the use of an electronic radio-frequency-identification-based system (GrowSafe System Ltd., Airdrie, Alberta, Canada) to measure feeding behavior traits in beef cattle fed a high-grain diet. Feeding behavior data were recorded by the GrowSafe system and timelapse video using 10 heifers over a 6-d period. Observed bunk visit (BV) and meal event data (frequency and duration) were compared with electronic feeding behavior data generated by the GrowSafe system at 5 parameter settings (MPS; 30, 60, 100, 150, and 300 s), which are used to define the maximum duration between consecutive electronic identification recordings to initiate a subsequent BV event. A random coefficient model was used to compare video and electronic data using orthogonal contrasts. Video data were regressed on the electronic feeding behavior data to obtain an estimate of precision (r 2 ) and other statistical estimates, including mean square error of prediction and concordance correlation coefficient, to access the adequacy of the electronic system predictions. The variation in MPS values affected BV data, but not meal event data. Electronic meal frequency and duration data were not different (P > 0.50) from observed values, and were not affected by electronic MPS values. The optimal MPS value for prediction of BV and meal event frequency and duration traits was 100 s. Our evaluation indicated the GrowSafe system 4000E was able to predict BV and meal event data when the 100-s MPS was used to analyze the feeding behavior data.
INTRODUCTION
Feeding behaviors have been evaluated to understand mechanisms controlling feed intake regulation (Tolkamp et al., 2000) , examine variation in feed efficiency (de Haer et al., 1993; Lancaster et al., 2009) , and predict health status of animals (Quimby et al., 2001; Urton et al., 2005) . Development of electronic radio frequency identification (RFID) systems has enabled collection of behavior data from large groups of animals with less labor compared with traditional methods (Eradus and Jansen, 1999; Schwartzkopf-Genswein et al., 2002; Bingham et al., 2009 ). Various RFID-based systems have been used to monitor feeding behavior including those that measure bunk attendance from feed alleys (Quimby et al., 2001; Urton et al., 2005) and bunk attendance from open (Dobos and Herd, 2008; Lancaster et al., 2009) or gated (Chapinal et al., 2007) feed bunks. Feeding behavior data are based on recording in-to-out visits to the feed bunk, which are separated by nonfeeding intervals of variable lengths that can be clustered into meals once an appropriate meal criterion has been applied (Yeates et al., 2001) . The definition of individual bunk visit (BV) events will be affected by the design and resolution of the system.
Previous studies have validated electronic systems that measured feeding behavior of animals fed from feed alleys (DeVries et al., 2003) , and from feed bunks equipped with barrier gates (Chapinal et al., 2007) . The electronic system (GrowSafe System Ltd., Airdrie, Alberta, Canada) used in this study has not been previously validated and enables collection of feed intake and feeding behavior data from nongated feed bunks, which allows group-fed animals more unencumbered access to feed. Objectives for this study were to validate BV and meal event data collected from this system through comparison with observed time-lapse video recordings, and to determine if changes in the system parameter setting affect accuracy of feeding behavior data.
MATERIALS AND METHODS
Animal care and use procedures were in accordance with the Guide for the Care and Use of Animals in Agricultural Research and Teaching (FASS, 2010) and were approved by the Texas A&M University Institutional Animal Care and Use Committee.
Thirty-two heifers (4 Angus, 9 Braford, 9 Brangus, and 10 Simbrah) with an initial BW of 284 ± 28 kg were used in an 81-d study. Upon arrival, heifers were fitted with passive, half-duplex, electronic identification (EID) ear tags (Allflex USA Inc., Dallas-Fort Worth, TX), and housed in 1 pen (12 × 28 m) equipped with 4 electronic feed bunks (GrowSafe 4000E, GrowSafe System Ltd., Airdrie, Alberta, Canada) at the Beef Cattle Systems Research Center (College Station, TX). Heifers were adapted to a high-grain diet (3.01 Mcal of ME/kg, 13% CP on DM basis) during a 28-d period using 3 step-up diets before the start of the study. The final experimental diet consisted of 73.7% dry-rolled corn, 6.0% hay, 6.0% cottonseed meal, 6.0% cottonseed hulls, 5.0% molasses, 2.5% mineral-vitamin premix, and 0.8% urea, and was offered ad libitum twice daily at 0830 and 1630 h.
For video data collection, 10 heifers were randomly selected from the 32 animals and individually identified using an adhesive marker (Estrotec, Spring Valley, WI) before the initiation of video recordings. All the animals were kept in the same pen during video data collection. To facilitate the collection of observational data, 2 groups of 5 heifers were evaluated for 3 consecutive days (2 blocks) on d 56 to 58 and 75 to 77 of the study. A video surveillance camera (Hikvision model DS-2CD862, Hikvision Digital Technology, Hangzhou, China) was positioned 7 m in front of the 4 electronic feed bunks to record animals entering and exiting the feed bunks (Figure 1 ). Three 500-W lights were placed above the feed bunks to facilitate collection of observational data at night. The internal clocks on the video recorder and the data-acquisition computer were synchronized, and the video output was continuously recorded using the Hikvision iVMS-4000 V2.02 software (Hikvision Digital Technology) on a separate computer. Two trained observers independently recorded animal identification number, bunk number, and the start and end times for each BV event using Video Dub 1.5 (http://www.dvdvideosoft.com) to evaluate timelapse video recordings. The start and end times for a BV event were recorded once an animal had completely transversed its EID through the neck bars of the stanchion attached to a feed bunk (Figure 1 ). There was no attempt to quantify the orientation of the head position of the animal during a BV event.
The GrowSafe System
The GrowSafe 4000E system used for this study (Figure 1) consisted of 4 electronic feed bunks, with each bunk equipped with an antenna to detect animal presence at the feed bunk, load cells to measure feed disappearance, a stanchion equipped with neck bars to allow only 1 animal to enter the feed bunk at a time, and data acquisition software (GrowSafe DAQ, v. 9.25) to record all the feeding behavior and intake data. During the study, animals were allowed access to each of the 4 feed bunks. The GrowSafe system was designed to monitor feeding behavior by continuously recording the presence of an animal at the feed bunk once its EID transverses the vertical plane of the head stanchion positioned in front of each feed bunk. Concurrently, the electronic system measures individual feed intake by continuously weighing feed disappearance during each BV. These data (EID number, bunk number, time stamp of each transponder recording, and scale weight) were continuously recorded via wireless transfer to the data-acquisition computer. The EID recording rate of the GrowSafe 4000E system used in this study was 2 s.
Data Analysis
A subroutine of the GrowSafe DAQ software (v. 9.25), Process Feed Intakes (v. 7.29) , was used to compute feed intake and BV data. All parameter settings used in the GrowSafe DAQ software to compute these data were default values as described in the GrowSafe manual (GrowSafe, 2004 (GrowSafe, , 2009 , with the exception of the parameter setting to define the maximum duration between consecutive EID recordings (MPS) used to terminate uninterrupted BV events. In the case of interrupted BV events, BV were terminated when the EID of the same animal is detected at another feed bunk or when the EID of another animal is detected at the same feed bunk (scenarios 2 and 3; Figure 2 ). Uninterrupted BV events occurred when back-to-back BV were detected for an animal in the same feed bunk. The Figure 1 . View of the 4 GrowSafe (GrowSafe System Ltd., Airdrie, Alberta, Canada) feed bunk units that were used to capture electronic and observational time-lapse video feeding behavior data in this study.
GrowSafe DAQ software terminates an uninterrupted BV event when the interval between 2 consecutive EID recordings exceeds the interval defined by the MPS. This is illustrated in scenario 1 (Figure 2 ) where an 80-s interval is detected between consecutive EID recordings for the same animal eating from bunk 1. Two BV events are recorded by the system when the MPS value is 30 or 60 s, whereas only 1 BV event is recorded when the MPS value is greater than 80 s. To determine the effects of MPS on feeding behavior traits, data were retrospectively computed at MPS values of 30, 60, 100, 150, and 300 s (default value = 300 s), and electronic BV frequency and duration data compared with observed data from time-lapse video recordings.
Meal-based feeding behavior traits were calculated using a predetermined meal criterion, which was defined as the minimum nonfeeding event interval between BV before the next BV is considered part of a new meal (Tolkamp et al., 2000; Yeates et al., 2001) . For this study, a meal criterion of 5 min was used as reported by Schwartzkopf-Genswein et al. (2002) for beef cattle fed high-grain diets. Process Meal Events software (v. 1.04; GrowSafe DAQ) was used to compute frequency and duration of meal events from observed BV data and electronic BV data that was generated at each of the 5 MPS values. In addition, the number of BV per meal was calculated from both observed and electronic BV and meal data.
To determine the sensitivity of MPS on feed intake measured by the electronic system, estimates of feed intake were calculated retrospectively at each of the MPS values over the entire trial for all animals. For this study, the average feed disappearance that was assigned to individual animals during the 81-d study, and the first and second 3-d video recording periods were 98.2, 98.7, and 97.6%, respectively.
Statistical and Sensitivity Analysis
Animal was considered the experimental unit for all data analyzed in this study. Observed (video) and electronic (GrowSafe system) measurements of feeding be- Figure 2 . Illustration of how the parameter setting of the GrowSafe (GrowSafe System Ltd., Airdrie, Alberta, Canada) DAQ software that defines the maximum duration between consecutive electronic identification (EID) recordings (MPS) is used to terminate uninterrupted bunk visit (BV) events (scenario 1). When the MPS value is less than the interval between back-to-back uninterrupted BV, 2 BV events are recorded by the electronic system. The MPS does not apply to interrupted BV events that occur when an animal switches feed bunks (scenario 2) or is interrupted by another animal EID (scenario 3).
havior were compared using a PROC MIXED model (SAS Institute Inc., Cary, NC) that included treatment (30, 60, 100, 150, and 300 s MPS) as a fixed effect, and block, animal within block, and day within block as random effects. Observed data were compared with electronic feeding behavior data calculated at multiple MPS values using orthogonal contrasts (SAS Institute Inc.). A similar model was used to compare electronic estimates of feed intake calculated at an MPS value of 300 s (default setting) with estimates of feed intake calculated at MPS values of 30, 60, 100, and 150 s.
Observed feeding behavior data (dependent variables) were regressed on the electronic data (independent variables) to obtain estimates of precision (r 2 ). In addition, the mean square error of prediction (MSEP), mean bias (MB), model accuracy (Cb), and concordance correlation coefficient (CCC) were also computed to assess the precision and accuracy of the GrowSafe system in predicting feeding behavior traits using the Model Evaluation System (v.3.1.8; http://nutritionmodels.tamu.edu/mes.htm) as described by Tedeschi (2006) .
The sensitivity (the likelihood that an animal present at the feed bunk is detected present by the electronic system) and specificity (the likelihood that an animal is absent from the feed bunk is detected absent by the electronic system) of the electronic system was evaluated by determining feed bunk presence and absence of observed and electronic BV duration (using optimal MPS value) for each minute of the day during the video recording periods as described by DeVries et al. (2003) .
RESULTS

BV Calculations
The observed and electronic BV frequency and duration data are presented in Table 1 . Frequencies and durations of BV events were affected by MPS (P < 0.05), but not block (P > 0.30) or day within block (P > 0.07). Electronic BV frequencies at MPS of 60 and 100 s did not differ (P > 0.08) from observed BV frequencies, Table 1 . However, electronic BV frequency at MPS of 30 s was greater (P < 0.01), and at MPS of 150 and 300 s were less (P < 0.01) than observed BV frequencies. Bunk visit durations determined by the electronic system at MPS of 100, 150, and 300 s were not different (P > 0.15) than observed values, whereas electronic BV durations at MPS values of 30 and 60 s were less (P < 0.01) than observed BV durations.
The decrease in frequency and the increase in duration of electronic BV events as the MPS was increased from 30 to 300 s can be explained by how this parameter setting is used in the GrowSafe DAQ software to end uninterrupted BV events (Figure 2 ). When calculating uninterrupted BV, consecutive in-to-out BV that are separated by nonfeeding events that are equal to or less than the MPS value will be combined into a single BV event (scenario 1; Figure 2) . Consequently, the frequency of BV events will decrease as the length of the MPS value used to end uninterrupted BV is increased. Conversely, the duration of these uninterrupted BV events will increase as the MPS value is increased, as more nonfeeding events will be included (scenario 1; Figure 2 ). The purpose of using MPS is to limit overprediction of BV frequency in the event that the EID of an animal were periodically positioned out of the read range of the antennae while the animal was consuming feed at a feed bunk.
The evaluation of goodness-of-fit of the electronic system to predict observed frequency and duration of BV events are summarized in Table 2 . The electronic BV frequencies at MPS values of 60 and 100 s were more accurate and precise in predicting observed data than electronic BV data at other MPS values, based on greater r 2 (0.68 and 0.62), less MSEP (49 and 66), less MB (0.3 and 3.5), and greater Cb values (1.0 and 0.95) and CCC (0.83 and 0.75) values when predicting the BV frequency at MPS of 60 and 100 s, respectively. The prediction of BV duration by the electronic system at MPS of 100, 150, and 300 s had greater r 2 (0.81, 0.82, and 0.80), less MSEP (92, 72, and 84), less MB (3.9, 1.1, and −1.6), and greater Cb values (0.98, 1.0, and 1.0) and CCC (0.88, 0.90, and 0.89), respectively, compared with observed data at the other MPS values. Considering all goodness-of-fit value criteria for Table 1 . Means (±SE) of observed (video) and electronic system (GrowSafe System Ltd., Airdrie, Alberta, Canada) feeding behavior traits at maximum parameter setting (MPS) values of 30, 60, 100, 150, and 300 s to determine the maximum duration between electronic identification recordings to end uninterrupted bunk visit (BV) events frequency and duration of BV events, the predictive ability of the electronic system was the greatest at an MPS value of 100 s.
To determine the sensitivity and specificity of the electronic system to predict BV data, the BV duration was summarized as animal presence or absence at the feed bunk for every minute of the day (1,440 min total) during the 6 observational days with MPS at 100 s. The values for sensitivity and specificity for BV duration were 86.4 and 99.6%, respectively.
Meal Data Calculations
The frequency and duration of meals were not affected (P > 0.50) by MPS (Table 1 ). Similar to the results for BV frequencies and durations, the effects of block (P > 0.30) and day within block (P > 0.08) were not significant sources of variation for meal frequencies and durations. On average, meal frequencies determined by the electronic system were not different (3% greater; P > 0.50) and meal durations were not different (4% less; P > 0.50) when compared with respective observed values. The evaluation of goodness-of-fit of the electronic system to predict observed meal frequency and duration are summarized in Table 3 . The MPS value did not affect the ability of the electronic system to prediction frequency and duration of meal events. Although the data are not reported, meal frequency and duration data were also computed using a meal criterion of 10 min. Although increasing meal criterion from 5 to 10 min reduced meal frequency and increased meal duration as expected, the frequency and duration of meals computed from electronic BV data based on meal criterion of 10 min was not affected (P < 0.50) by MPS, block, or day within block. Moreover, similar to results found using a meal criterion of 5 min (Table 3) , MPS did not alter goodness-of-fit estimates of the electronic system to predict observed meal data.
The number of BV per meal estimated by the electronic system was also compared with observed values. The overall means (±SE) for number of BV per meal that were observed and determined by the electronic system at each of the MPS values are summarized in Table 1 . The number of BV per meal predicted at MPS of 60 and 100 s did not differ (P > 0.05) from observed values. However, the number of BV per meal at MPS of 30 s was greater (P < 0.01), and the number of BV per meal at MPS of 150 and 300 s was less (P < 0.01) than observed values. These results confirmed that BV data derived at an MPS value of 100 s is the preferred setting for cattle fed high-grain diets. Furthermore, the analyses of BV and meal frequency and duration data at MPS of 100 s revealed that intercepts were not different from 0 (P > 0.09) and that slopes were not different from 1 (P > 0.23) for linear regressions for electronic system prediction of BV and meal frequency and duration data from observed values (data not shown).
To determine if MPS affected estimates of feed intake recorded by the electronic system, average feed intakes of the 32 heifers during the 81-d study were compared at each of the MPS values. The mean feed intakes (±SE) recorded by the electronic system were 10.74 ± 0.24, 10.74 ± 0.24, 10.71 ± 0.24, 10.71 ± 0.24, and 10.71 ± 0.24 kg•d −1 (as fed) at MPS values of 30, 60, 100, 150, and 300 s, respectively. Feed intake estimates at MPS value of 300 s (electronic system default) did not differ (P > 0.50) from feed intake derived at either of the other MPS values.
DISCUSSION
Results from this study found that the parameter setting used to end uninterrupted BV affected the ability of the electronic system to accurately predict the frequency and duration of observed BV events. Frequencies and durations of BV events estimated at MPS of 100 s were similar to observed BV data, whereas electronic data derived using other MPS values differed from observed BV frequencies or durations or both. For meal data, the change in MPS values did not affect the frequency and duration of these feeding behavior events. The electronic system more accurately predicted the frequency and duration of meal events than BV events. Furthermore, results from linear regression of BV and meal event frequency and duration data at 100 s MPS on observed data revealed that the intercepts did not differ from 0 (P > 0.09) and the slopes did not differ from 1 (P > 0.23; data not shown).
Previous studies have evaluated the use of electronic RFID-based systems to predict feeding behavior traits in cattle. DeVries et al. (2003) evaluated meal data collected from an earlier version of a GrowSafe system that was designed to measure feeding behavior, but not feed intake data. Bach et al. (2004) and Chapinal et al. (2007) evaluated BV data using a different electronic RFID-based system that consisted of electronic feed bunks equipped with lock-barrier gates that opened and closed as the animal approached and exited the feed bunk. Chapinal et al. (2007) reported greater r 2 (1.00) for the regression of electronic BV duration on observed values compared with our study; however, there was no evaluation on meal data. Likewise, DeVries et al. (2003) evaluated the regression of meal data and reported similar results for meal frequency (1.00) and meal duration (0.98) compared with our findings.
In the studies that evaluated the RFID-based systems that used lock-barrier gates (Bach et al., 2004; Chapinal et al., 2007) , greater sensitivity (99.6 and 100%, respectively) and specificity (98.8 and 100%, respectively) of predictions of feeding behavior by the electronic system were reported compared with our results. However, DeVries et al. (2003), who evaluated a GrowSafe system that recorded BV events from open feed bunks, reported that the sensitivity (87.4%) and specificity (99.2%) of their electronic system were similar to results from our study. Of the time that the electronic system did not correctly detect an animal present at the feed bunk (12.6%), we observed that approximately 30% of this lack of detection time by the electronic system was associated with uninterrupted BV events during which the EID of the animal was out of range of the antenna.
Differences in the RFID-based systems and methodology used to evaluate the data need to be considered in evaluating the ability of each electronic system to detect animal presence or absence at the feed bunk. In our study, 8 animals were allocated to each feed bunk, which was considerably more than the studies of Bach et al. (2004) and Chapinal et al. (2007) that had less than 2 animals per feed bunk. Additionally, the average duration of BV events reported by Bach et al. (2004; 352 s) and Chapinal et al. (2007; 222 s) were greater than in our study (74 s) . The open feed bunk design of the electronic system used in the current study provides more unencumbered assess to feed, enabling animals to more fully express their feeding behavior characteristics. This may explain why more frequent and shorter BV events were found compared with the previous studies. In our study, 25% of the BV events detected by the electronic system were less than 10 s in duration, which demonstrates the precision of the electronic system to detect relatively short BV events.
Although the random effects of block and day within block were not different for BV and meal data, animal within block was significant (P < 0.05), suggesting some variation in animal detection by the electronic system. Other potential sources of variation for the detection of EID recordings by the GrowSafe system include the Meal data were based on meal criterion of 5 min.
2 MSEP = mean square error of prediction (smaller is better); MB = mean bias (closer to 0 is better); Cb = model accuracy (closer to 1 is better); CCC = concordance correlation coefficient (closer to 1 is better); r 2 = coefficient of determination of a linear regression of Y on X (closer to 1 is better).
EID signal being out of the range of the feed bunk antennae (DeVries et al., 2003) , and external sources of radio frequency that interfere with signal transmission (Schwartzkopf-Genswein et al., 1999) .
In conclusion, the results from this study suggested the GrowSafe system 4000E was able to predict with reasonable accuracy the frequency and duration of BV events. Similar to other studies that have evaluated systems that use lock-barrier feed bunks, results from our study demonstrate that the frequency and duration of meal events were accurately predicted. The parameter setting to determine the maximum duration between consecutive EID recordings to end an uninterrupted BV affected the accuracy of predicting observed BV events but not meal events. For the animals and management system used in the current study, the MPS value of 100 s most accurately predicted frequency and duration of BV events when using the GrowSafe 4000E system.
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